The present study was conducted at laboratory of food technology department, faculty of agriculture, Kafrelsheish University. This research was carried out study the most suitable conditions for increasing precent of resistant starch for both of rice and corn starches as they considered the main sources of starch in food industry in Egypt. The following experiments and tests were done: preparing resistant starch (RS3) through overlapping among several factors that is number of cooking cycles in autoclave, cooling, cooking time and the percentage of suspended starch of rice and corn starch in water. The resistant starch was estimated and the laboratory digestion of starch, and amylose and amylopectin content were estimated, the most appropriate conditions to get the highest percent of resistant starch (RS3) from the rice and corn starch was known. The physical properties of resistant starch was studied in comparison with native starch. The data showed that the best conditions to obtained the highest yield of resistant starch (RS3) from corn starch was after16 autoclaving-cooling cycles with 60 min autoclaving time at 1:4 starch /water ratio, this yield was 28.50 % this equal to 8.14 fold of that present in native rice starch ( 3.50 %). On the other hand, the best conditions to obtained the highest yield of resistant starch (RS3) from rice starch was after 20 autoclavingcooling cycles with 30 min autoclaving time at 1:5 starch /water ratio. At these conditions, RS equal to 6.12 fold of that present in native starch (4.90 %).
INTRODUCTION
Starch is classified as readily digestible starch, slowly digestible starch or resistant starch (RS) based on in vitro enzymatic hydrolysis which is assumed to represent the rate of glucose release and its absorption in the gastrointestinal tract. Readily digestible starch and slowly digestible starch represent the amount of starch digested in vitro within 20 minutes and between 20-100 minutes, respectively; while RS is not digested in vitro within 120 minutes and is assumed to pass into the large intestine undigested (Englyst et al., 1992). The term 'resistant starch' (RS) was coined and used to describe these starches. Although the term 'resistant starch' is not defined by any government agency, a group of scientists funded by the European Union (EU) in a concerted action known as EURESTA defined RS as the 'total amount of starch, and the products of starch degradation that resists digestion in the small intestine of healthy people' (Asp 1992; Goldring, 2004).
RS that reaches the large intestine can act as a substrate for microbial fermentation, the end-products being hydrogen, carbon dioxide, methane and short chain fatty acids (SCFA). In intestine, the indigested starch is fermented by gut microflora, producing short chain fatty acids (SCFA), with high proportion of butyrate. The butyrate stimulated the immunogenicity of cancer cell. As a substrate for colonocytes, it determines the rate of ATP production, and as a single metabolite, it activates proliferation and differentiation. These effects may lead to decreased incidence of colon cancer, atherosclerosis, and obesity related complication in human. Furthermore, various studies demonstrated that consumption of RS can reduce postprandial bloodglucose level and may be play a role in providing improved metabolic control in type 2 diabetes (non-insulin dependent). These also may be benefit for diabetic by lower lipid levels, as well as hypocholesterolemic effect The development of new products is a strategic area of food industry. Consumers are demanding foods that shoe two main properties: the first -one deals with the traditional nutritional aspects of food, whereas, as a second feature, additional health benefits are expected from its regular ingestion. These kinds of food products are often called nutraceutical foods in a rapidly changing world, with altered food habits and stressful lifestyles, it is more and more recognized that a healthy digestive system is essential for the overall quality of life. One of the current tendencies in nutrition and health is to consume lowcarbohydrate food products (Brouns et al., 2002 and Saguilan et al.,
2007).
Scientific evaluation of the benefits of RS has also generated commercial interest. RSs are a good source of dietary fiber with neutral characteristics and have no effect on the sensory properties of processed foods. Therefore, RSs are now widely used as ingredients to increase the fiber content of products. RS has been define as the starch and products of starch digestion not digested in the human small intestine (Englyst et al., 1992; Food Innovation, 2014). The objective of the present study is to characterize the autoclaving resistant starch (RS) as an important component produced from corn and rice starches. RS is chemically and physically were also evaluated. 
MATERIALS AND METHODS

Isolation of rice starch:
Rice starch was isolated from rice flour using the alkaline deproteination method of Lim et al. (1999) with some modification as follows: Rice grains were dehulled and grounded to powder then, the milled flour passed through 1 mm sieve screen. 200g ground samples were mixed with 500 ml of 0.1% NaOH. The mixture was stirred at room temperature for 3hrs, and stored at 4°C overnight. The supernatant was decanted, and fresh volume of sodium hydroxide was added to the solid phase and stirred for another 3hrs at ambient temperature. The procedure was repeated twice after which the solid phase was washed with 0.1% NaOH, blended and filtered. 500 ml of distilled water was added to the filtrate and allowed to stand for 3 hrs. The supernatant was decanted and 500 ml of distilled water was added again. The procedure was repeated several times until the pH of the filtrate was between 6.0 and 6.5. The starch residue was collected and dried in a vacuum air oven at 40°C for 48 hrs.
Total starch content:
Starch was determined by the direct acid hydrolysis method using concentrated HCL for 2.5 hrs. The sugar of resulted hydrolyzate was determined by Lane and Eynon method (A. O. A. C., 2005). Starch was calculated by multiplying the obtained sugars content by a 0.9 conversion factor. In-vitro starch digestibility (SD): In vitro starch digestibility was analyzed using method of Goni et al. 
Determination of resistant starch (RS):
Resistant starch content in all samples was determined according to the method described by Goñia et al. (1996) with some modifications as follows: 100 mg of sample was dispersed in 9mL distilled water and incubated with 1ml α-amylase solution (enzyme activity 2,500 U/mL) at 37 °C for 24 h with constant shaking to hydrolyze digestible starch, then deposited with 95% ethanol (ethanol volume was 4 times of the residue) for 12hrs. The obtained residue was washed with 95% ethanol twice, air dried and then treated with 3ml potassium hydroxide solution (4 mol/L) to solubilize RS. RS solution was adjusted to pH 4.75 with 2 mol L-1 hydrochloric acid and 0.4 mol L-1 sodium acetate buffer, incubated with 1 mL amyloglucosidase solution (enzyme activity 1,500 U mL-1) at 60 °C for 45 min with constant shaking, and then heated at boiling bath for 5 min to inactivate enzyme. Glucose formed in solution was determined by titration of Fehling reagent. RS was calculated as glucose (g) × 0.9. RS content was expressed as percent of RS in sample analyzed.
Preparation of resistant starch (RS): Autoclaving-cooling cycle:
Many trials resulted from combination of time and suspension ratio treatments have been applied to form RS 3 from various sources of native starch, following the method of Sievert and pomeranz (1989).
Functional properties of native and treated starches:
Water and oil absorption capacity: Water and oil absorption capacity were determined according to the method described by Ashwar et al.
(2016).
Swelling power (SP) and water solubility: Swelling power and solubility in water were measured according to the method described by Schoch (1964).
RESULTS AND DISCUSSIONS Chemical composition of rice varieties
Gross chemical composition of some rice varieties under study was determined and the results are recorded in Table (1) . Data showed that, the moisture content of rice varieties ranged between 12.37 to 13.80 %. These values are in line with those of Perez, (1993) and Dharmaputra, (1997). Moisture content plays a great role during the storage for rice (Amorim et al., 2004) . From the same table, it could be observed that Giza 178 variety contains a relatively high level of crude protein content (6.90%), while Egyptian. Jasmine rice variety had the lowest level of Protein content (6.38%). Results of the same table also showed that, these were high significant differ in ether extract between the different varieties. The black rice variety had the highest ether extract content (1.93%). Siebenmorgen and Sun (1994) reported that surface fat content was inversely related to the degree of milling. A high significant difference in ash content was recorded between the varieties. The black rice variety contained the highest ash content (1.26%). Amorim et al. (2004) found that, the ash content in the rice was 0.4%. Furthermore, the ash content indicated the amount of minerals. As shown in Table  ( 1), these were significant differences in total carbohydrates content between the varieties, where the Black rice had lowest content of carbohydrates (89.98%) and Jasmine rice had highest value (92.48%). As for the fiber content, it could be noticed that there are high significant differences between the varieties. The highest fiber content was in Black (1.36%), while the lowest values were Sakha 101 (0.38%).
El-Bana et al. (2016)
found that, black rice contains high content of ether extract, ash and crude fibers, but lower content of total carbohydrate, compared with other varieties. The results in Table (1) show also that, amylose content of Giza 178 rice variety significantly low content 19.50% compared to other varieties. The highest contents for amylose were found in Black rice variety (32.57%. While Sakha 101 and Jasmine recorded 21.28% and 20.40%; respectively. These results are in agreement with those reported by El-Bana (2010). Kadan et al., (1997) found that amylose content of short-, medium-and long-grain rice ranged from 12% to 21%, but the Waxy rice is a short grain cultivar with almost 100% amylopectin starch. Both the amylose content and amylopectin branch chain-length distributions affected starch pasting properties (Jane et al., 1999). For all the previous reasons the variety which content a large amount of amylose is very suitable for preparation of resistant starch because amylose content is consider the most important factor for preparation of the resistant starch, also amylose is the principle starch fraction required for formation RS3.
As the results in Table ( 1) showed that, black rice variety had the highest amylose content between all the varieties under study it was not chosen to use in preparing resistant starch (RS) because it produced with a little amount in Egypt specially in Research center in the same time sakha 101 variety recorded the second content of amylose (20.40%) between the rice varieties and also it was produced by a large quantity in Kafr El-sheikh Government it was chosen to use for preparation of the resistant starch in this study. Effect of autoclaving -cooling cycles and time on formation of resistant starch (RS), digestibility (SD), amylose and amylopectin contents in rice and corn starches: Many combinations of autoclaving time, number of autoclaving-cooling cycles and starch/water ratio treatments have been carried out to RS3 formation from various sources of native starch. Rice starch at starch /water ratios 1:2, 1:3, 1:4 and 1:5. The RS, SD, amylose and amylopectin contents of rice starch that was autoclaved at 121°C for 30, 60 and 90 min in suspension of starch /water ratios 1:2, 1:3, 1:4 and 1:5 then cooled up to twenty cycles and air-dried are presented in Figures (1-4) . Data in Figure ( 1) indicated that significant differences (p ≤ 0.05) were found between the percentages of RS of rice starch in different combinations of autoclaving time, starch /water ratios and number of autoclaving-cooling cycles treatments. The highest RS yield treatments (17.90 %) was obtained after 20 autoclaving-cooling cycles for 90 min. The lowest value (4.20 %) was obtained after 4 autoclaving-cooling cycles for 90 min for starch /water ratios 1:2. While, the RS increased from 4.50 % after 4 autoclaving-cooling cycles at 30 min to 22.50 % after 16 autoclvaing -cooling cycles at 60 min for starch /water ratios 1:3. Also, autoclaving resulted in an increase in RS. Autoclaved rice starch at 1:4 starch /water contained 5.75 % RS (of dry wet basis) after 4 futher autoclaving-cooling cycles at 60 min, this figure increased to 28.50 % after16 further autoclavingcooling cycles at 60 min. Meanwhile, the highest RS yield treatments was obtained after 20 autoclaving-cooling cycles for 30 min. The lowest value was obtained after 4 autoclaving-cooling cycles for 60 min for starch /water ratios 1:5. These results were similar to the study of Szczodrak and Pomeranz (1991). Data also showed that the SD ranged from 80.17 % after 20 autoclavingcooling cycles for 90 min to 93.90% after 4 autoclaving-cooling cycles for 90 min at 1:2 starch /water contained. While, SD decrease from 93.57% after 4 autoclaving-cooling cycles at 30 min to 75.57 % after 16 autoclaving -cooling cycles at 60 min for starch/ water ratio 1:3. On the other hand, The value of SD decreased from 92.32 % after 4 autoclaving -cooling cycles at 60 min to 69.57 % after 16 autoclaving -cooling cycles at 60 min for starch/ water ratio 1:4. For starch/ water ratio 1:5 the SD showed decrease from 90.07% for 4 autoclavingcooling cycles at 60 min to 78.07% for 20 autoclaving-cooling cycles at 30 min autoclaving times, respectively. Meanwhile, the highest value of RS content for starch/water ratio 1:3, 1:4 and 1:5 recorded after twenty autoclaving-cooling cycles at 30 min with values 17.80%, 22.30% and 30.00%, respectively. It is clear that increasing the number of cycles increased yield of RS. These results were line with Sievert and pomeranz (1989). (4) indicated that, the amylopectin content at starch/water ratio 1:2 ranged between 81.52% and 77.17 % for 4 autoclaving-cooling cycles at 90 min and 20 autoclaving-cooling cycles at 30 min, respectively. For the starch/water ratio 1:3, the highest content of amylopectin was showed after 4 autoclaving -cooling cycles at 30 min while the lowest content was after 16 autoclaving -cooling cycles at 60 min. Whereas, amylopectin decreased from 83.17 to 78.07 % after 20 autoclaving -cooling cycles at 30 min and 4 autoclavingcooling cycles at 60 min, respectively for starch/water ratio 1:4. Meanwhile, amylopectin increase after 20 autoclaving -cooling cycles at 30 min and decrease after 4 autoclaving -cooling cycles at 60 min autoclaving time at starch/water ratio 1:5. (8), the highest content of amylopectin was obtained after twenty autoclaving-cooling cycles at 30 min for starch/water ratios 1:2 and 1:4 also, at 90 min for starch/water ratios 1:3 and 1:5. However, the lowest content of amylopectin was obtained after 4 cycles autoclaving-cooling cycles under different combinations of autoclaving time and starch/water ratio treatments. Data indicated that amylose content decreased and amylopectin content was increased by increasing autoclaving-cooling cycles and reduction of amylose content was more pronounced. This may be due to amylopectin retrogrades very slowly according to (Rashmi and urooj, 2003) . According to (Kawabata et al., 1994) heat moisture treatment (HMT) may increase RS levels in starch by increased interaction between amylose and amylopectin and / or transformation of single amylose-chain into its double helical crystals (Lorenz and Kulp, 1982). The optimum conditions for resistant starch (RS) formation from corn and rice starches As shown in Table ( 4), for the best conditions to obtained the highest yield of resistant starch (RS 3 ) from corn and rice starches, the highest resistant corn starch (30 %) was obtained after 20 autoclavingcooling cycles with 30 min autoclaving time at 1:5 starch /water ratio. At these conditions, RS equal to 6.12 fold of that present in native starch (4.90 %). Whereas highest yield of rice resistant starch obtained 16 autoclaving-cooling cycles with 60 min autoclaving time at 1:4 starch /water ratio, this yield was 28.50 % this equal to 8.14 fold of that present in native rice starch (2.50 %). Onyango, et al., (2006) found that the amount of RS 3 formed increased with increasing autoclaving time, attaining a maximum value at 45 min autoclaving time at 121°C. The RS 3 yields declined when the autoclaving time exceeded 45 min indicating the effect of thermal hydrolysis of starch. Shorter autoclaving times, giving high RS 3 yields (Goni et al., 1996) , which significantly better than the 1h treatment (Eerlingen et al., 1993a) or 2h (Shamai et  al., 2003) as autoclaving times. The formation of Rs 3 is a two-stage process that involves starch hydrolysis followed by recrystallization of amylose polymers. Whereas recrystallization takes place during incubation, starch hydrolysis occurs during autoclaving (Eerlingen et  al., 1993b) .
Starch hydrolysis should preferably result in amylose polymers with degrees of polymerization of 100-300 glucose units. Amylose is the principle starch fraction required for the formation of RS3 because its polymers have a high degree of polymerization that form enzymeresistant double helices stabilized by hydrogen bonds. When the degree of polymerization is less than 100 glucose units, the RS3 yield is low because the polymers are not long enough to form enzymeresistant crystallites. On the other hand, insufficient hydrolysis of amylose is undesirable since amylose polymers with degrees of polymerization higher than 300 cannot effectively align to form enzyme-resistance crystallites (Eerlingen et al., 1993b) . In general, the starch digestibility negatively correlated with resistant starch formed. About the relationship between formation of resistant starch and amylose and amylopectin contents, data showed that the amylose and amylopectin negatively correlated with resistant starch formed.
Physical properties native and treated rice and corn starches Swelling power, solubility and water and oil absorption capacities
When the starch granules, heated in water, being the swelling power and solubility phenomenon. Swelling depends on the starch granule size and on the OH-groups that can interact with molecules of water favoring swelling of starch granules. The values of swelling power and solubility of native and resistant rice and corn starches are presented in Table (5) . It is clear that the differences between native corn and rice starches concerning of swelling power and solubility were significant (p ≤ 0.05) moreover the HMT understudy affect significantly of different starches. As shown from the result in Table ( 5), a parallel relationship was observed between swelling power and solubility of starch. The starches having high swelling power were also high in solubility. Data a show that the swelling power and solubility decreased from (16.66 to6.15 g/g) and (12.40 to 5.89 %) for native and resistant corn starch, respectively. Whereas, swelling power and solubility decreased from (19.35 to7.67 g/g) and (14.74 to 5.93 %) for native and resistant rice starch, respectively. Hormdok and Noomhorm, 2007 reported that the HMT (20% moisture, 92.5°C/ 30 min) of rice starch (27% amylose) reduced the swelling power from 14.11 g/g of native starch to 10.29 g/g. Several authors have observed a reduction in the swelling power of the heat moisture treatment in potato, cassava, rice, sorghum and corn starches. The reduction in swelling power following hydrothermal modification has been attributed to internal rearrangement of the starch granules, which causes further interaction amongst the starch functional groups making it form more ordered double helical amylopectin side chain clusters. This accounts for increased starch crystallinity according to Hoover and Manuel, 1996) ., 2014a) . Autoclaving-retrogradation treatment decreased the swelling index of rice starch samples significantly (P ≤ 0.05). The decrease in swelling index of treated starches could be attributed to increased crystallite perfection and to additional interaction between amylose amylose and/or amylose-amylopectin chains (Lan et  al., 2008) . Autoclaving-retrogradation treatment reduced the solubility index of all starch samples. The decrease in starch solubility with treatment can be attributed to an internal rearrangement of starch granules that provides higher interactions between starch functional groups, the formation of more ordered amylopectin clusters, and the formation of amylose-lipid complexes within starch granules (Dias et  al., 2010) . The increase in water absorption capacity was mainly due to the gelatinization of starch caused by autoclaving. Previous studies have also reported significant increase in the water absorption capacity in autoclaved, HMT and annealed starches (Chung, liu and Hoover, 2009).
The values of Water and oil absorption capacities of native and resistant corn and rice starches are presented in table (5). It is clear that the differences between native corn and rice starches concerning of swelling power and solubility were significant (p ≤ 0.05) moreover the HMT understudy affect significantly of different starches. As shown from the result in table (5). It is clear that the differences between native corn and rice starches concerning of water absorption capacity and oil absorption capacity were significant (p ≤ 0.05). Data showed that water absorption capacity and oil absorption capacity increased from (0.80 to 1.60 g/g) and (0.66 to 1.05g/g) for native and resistant corn starch, respectively. Whereas, water absorption capacity and oil absorption capacity increased from (0.95 to 1.93 g/g) and (0.75 to 1.20 g/g) for native and resistant rice starch, respectively. Oil absorption capacity of starch might be due to the entrapment of oil in a porous starch matrix by capillary forces or inside helical structures of amylose or amylopectin due to the formations of amylose-lipid complexes. Increased oil absorption capacity of treated starches might be due to the exposure of more hydrophobic moieties of amylose-lipid complexes due to high temperature. Olayinka, Adebowale and Olu-Owolabi (2008) they also reported that increase in oil absorption capacity in sorghum starch with HMT. 
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